Abstract. Human papillomaviruses (HPVs) are double stranded circular DNA viruses that infect cutaneous and mucosal epithelial cells. Almost 99% of cervical cancer has a HPV infection. The early oncoproteins E6 and E7 are important in this cellular transformation process. Epigenetic mechanisms have long been known to result in decisive alterations in DNA, leading to alterations in DNA-protein interactions, alterations in chromatin structure and compaction and significant alterations in gene expression. The enzymes responsible for these epigenetic modifications are DNA methyl transferases (DNMTs), histone acetylases and deacetylases. Epigenetics has an important role in cancer development by modifying the cellular micro environment. In this review, the authors discuss the role of HPV oncoproteins E6 and E7 in modulating the epigenetic mechanisms inside the host cell. The oncoproteins induce the expression of DNMTs which lead to aberrant DNA methylations and disruption of the normal epigenetic processes. The E7 oncoprotein may additionally directly bind and induce methyl transferase activity of the enzyme. These modulations lead to altered gene expression levels, particularly the genes involved in apoptosis, cell cycle and cell adhesion. In addition, the present review discusses how epigenetic mechanisms may be targeted for possible therapeutic interventions for HPV mediated cervical cancer.
Introduction
According to World Cancer Report cervical cancer or cancer of the uterine cervix is both the second-most common cause of cancer and the fourth-most common cause of death from cancer in women. It has also been reported that in the year 2012, an estimated 528,000 cases has resulted 266,000 deaths worldwide. It has been observed that the most common causative agent of cervical cancer is by a virus called human papilloma virus, or HPV. The progression of cervical carcinoma occurs from normal to low grade squamous intra-epithelial lesion (LSIL) then to high grade squamous intra-epithelial lesion (HSIL) to carcinoma in situ (CIS) and finally to metastatic cancer (1) . Oncogenic human papillomaviruses (HPVs), mostly HPV types-16, 18, 31, 33 are related with invasive cervical cancer lesions. HPV has its viral genome present in the 72-capsomere capsid. The genome is divided into three regions which include-the long control region (LCR) without coding potential; the region of early proteins (E protein) (E1-E7), and the region of late proteins (L1 and L2) (2) LCR, early region and late region regulates DNA replication, oncogenesis, cellular transformation and viral capsule formation respectively. There are over 200 different varieties of HPV (3) . The E proteins of HPV are used to determine the risk factor involved in cervical cancer. HPV-6, 11, 42, 43 and 44 are low risk types as they are found in benign tumours; HPV-16, 18, 31, 33, 35, 51, 52 and 58 are high risk types as they are found in both in benign tumors and invasive cancers. The E6 and E7 proteins of the oncogenic HPV interacts with cellular proliferation and apoptotic mechanisms at well-defined targets, the primary targets are p53 and retinoblastoma (Rb) tumour suppressor proteins, respectively (4, 5) . The E1 and E2 proteins mediate viral replication and act to recruit cellular replication factors to viral replication origins (6).
Epigenetic control of cervical cancer
A change in genomic DNA and chromatin resulting in alteration of gene expression which is somatically heritable but does not involve DNA sequence changes is defined as an epigenetic phenomenon. A post-replicative DNA modification that occurs on the 5'-position of cytosine rings located in CpG dinucleotides is termed as DNA methylation. It is the most studied epigenetic change which influence gene expression (7) . The reasons for epigenetic changes may be a regular or natural occurrence but can also be influenced by several factors including age, the environment, lifestyle, and disease state. Recently it has been established that in cervical cancer epigenetic changes play a major role in its development (8) (9) (10) (11) . DNA methylation may be useful as a marker for early detection or predicting the risk of cancer precursors. The existence of HPV alone is not sufficient to cause cervical cancer; presence of DNA methylation in cervical cancer and precancerous lesions support a role for this phenomenon in cervical cancer development (12) . This is mainly because there is obscurity in the molecular processes which is the main cause of futility in HPV-mediated cervical cancer. During all the stages of cervical cancer a numerous epigenetic alterations are observed which include DNA hypomethylation, hypermethylation of tumour suppressor genes and histone modifications (12) . DNA methylation is done by an enzyme known as DNA methyl transferase (DNMTs) which regulates the gene expression in prokaryotes, eukaryotes and viruses (1) . It is a reversible reaction catalyzed by DNMTs which conserve the prototype of methylation during each cellular division. The two de novo methyl transferases are DNMT3a and DNMT3b. DNMTs add a methyl group onto carbon 5 of cytosine residues adjacent to guanine residues (5'-CpG-3'), which mainly occurs in CpG islands. CpG islands are generally found in the promoter regions of protein-coding genes, and expression is silenced upon their methylation. Non-coding genes, such as microRNAs (miRNAs), are also susceptible to regulation by methylation (13) . The epigenome could be targeted by environmental factors such as dietary methyl donors. CpG methylation of Type 1 HPV was observed in early transfection studies (14) . A study on cell transfection with HPV-16 in vitro methylated genomes proved that DNA is repressed transcriptionally (15) . Some of the genes regulated by methylaion are also involved in cervical cancer which acts as transcription factors, viz p53, UTF1, paired box 1 (PAX1) and TWIST1 (16) (17) (18) (19) .
During early cancer development the DNA modifications which are generally observed are global DNA hypomethylation in repetitive regions and hypermethylation in CpG island regions of tumour-suppressor gene promoters. Cervical cancer is correlated with the silencing of tumour-suppressor genes through DNA hypermethylation. However, silencing of tumour suppressor miRNAs through hypermethylation of CpG islands in their promoter regions has also been a reason for carcinogenesis (20, 21) . Wang et al, in the year 2013 had reported about the role of DNMT1 in cervical cancer (22) . From in vitro and in vivo studies performed it was established that low levels of serum folate and high expression of DNMT1 protein or mRNA were extensively related with cervical carcinogenesis. Integration of high risk-HPV DNA like HPV-16 and -18 into the host's genome is an essential step in cervical carcinogenesis (23) . The HPV-16, 18 DNA gets methylated after it integrates into the human genome (24) .
A miRNA is a small non-coding (containing about 22 nucleotides) RNA generally found in plants, animals and some viruses. Its main purpose is RNA silencing and post-transcriptional regulation of gene expression (25, 26) . In cervical cancer high risk HPV (HR-HPV) plays a role in the deregulation of miRNA gene methylation. In patients and cervical cancer cell lines (HeLa, SiHa, CaSki and C33A) it has been observed that silencing of tumour-suppressor miRNAs through aberrant promoter methylation favours cervical carcinogenesis. It has been proposed that HR-HPV can lead to modifications in the methylation pattern of miRNA promoters. After cervical cancer cell lines were subjected to treatment with hypomethylating agents, decreased methylation levels were found for certain miRNAs, which resulted in their increased expression and associated decreased expression of their target genes It is possible that HR-HPV genotypes are involved in the methylation processes of miRNAs in cervical cancer (27) (28) (29) (30) .
Basal transcription machinery and accessibility of transcription factors are regulated by post-translational modification of histones bound to promoter regions which control gene expression. Acetylation and methylation as well as phosphorylation, ubiquitination, and sumoylation are different types of modifications included (6) . The expression of tumour suppressor genes, oncogenes and growth factors are regulated by many histone-modifying enzymes such as the histone deacetylases (HDACs), sirtuins, and histone acetyltransferases (HATs). Thus, dysregulation and mutation of expression of histone modifiers leads to epigenetic control of gene expression (31, 32) .
Role of E6/E7 oncoproteins
The most important oncogenes of HPV are E6 and E7 genes which encode oncoproteins that cause transformation of the host cell. Transcription of E6 and E7 oncogenes has always been observed in cervical carcinomas, being the first indication of a main role of these viral genes in HPV mediated cervical cancer (33) . Oncogenic properties of E6 and E7, as well as their effects on p53 and Rb protein (pRb), have provided the general basis for further investigations of the role of HPV in carcinogenesis in the HPV-infected cervix. The oncogenic protein E6 and E7 of HPV initiate dysregulation of cellular proliferation and apoptotic machinery by targeting tumour suppressor proteins such as p53 and Rb (34,35).
There are 160 amino acids present in the HPV E6 oncoprotein (36) . For maintaining cellular transformation E6 protein from HPV is adequate (37) (38) (39) (40) . The function of tumour suppressor protein p53 is repressed by the action of E6 through the ubiquitin pathway and with the help of a cellular protein known as E6-associated protein (E6AP) (41) (42) (43) . Genes which help in cell cycle arrest by repairing DNA damage or by activating apoptotic pathways are stimulated by p53 levels (44) . Binding of the E7 oncoprotein on pRB provides a complementary function. Binding releases transcription factor E2F that activates expression of genes that stimulate DNA synthesis in the cell. Cellular E3 ubiquitin ligase E6AP is targeted by HR-HPV E6 oncoprotein which transfer ubiquitin peptides from E6AP to p53 and marks p53 for degradation by 26S proteasome pathway. On the other hand, low risk and cutaneous epithelia-infecting HPV E6 oncoproteins are unable to target the cellular p53 protein for proteasome mediated degradation (45, 46) . The mechanism of E6 mediated gene silencing through DNMT1 has been illustrated in Fig. 1 . The mechanism involves degradation of p53 and release of specificity protein 1 (Sp1) transcription activator, which binds to the promoter of DNMT1 and upregulates the gene expression. The higher amount of DNMT1 leads to hypermethylation of DNA.
The HPV E7 oncoprotein is about 100 amino acids long (47) . The HPV E7 oncoprotein binds to the pRb and disrupts its function by preventing the binding of pRb to E2F transcription factor (48) . The E7 oncoprotein was also observed in recent studies to modulate DNA methylation mechanism to control pathways of cellular propagation. It could bring about epigenetic changes through Rb family of tumour suppressor proteins. A study showed that DNA methyl transferase DNMT1 could be linked by HPV-16 E7 both in vitro and in vivo to kindle its enzymatic actions. The mechanism of E7 mediated gene silencing has been described in Fig. 1 . This involves direct and indirect pathways involving DNMT1 in both the cases. E7 can directly bind to DNMT1 and induce gene silencing by hypermethylation. E7 can form a tight complex with Rb resulting in release of E2F which goes and binds to DNMT1 causing hypermethylation of CpG islands. In case of cervical neoplasia CpG islands in the promoter region of tumour suppressor genes are frequently inactivated by hyper-methylation (49). The [ 3 H]-S-adenosyl-methionine incorporation assay provided the first evidence for global DNA hypo-methylation in cervical cancerous tissues. As the grade and stage of cervical neoplasia gradually progressed, the extent of hypo-methylation with 3H-methyl group incorporation also increased (48) .
Several studied reported that HPV interferes with the cellular DNA methylation machinery; in order to disguise itself or as part of its viral cycle (50) (51) (52) . During HPV 16 infection, cellular DNA undergoes epigenetic alterations induced by the E6 and E7 oncoproteins (51, 53, 54) . Hence DNA methylation might serve as a defence mechanism of host cell to silence viral DNA (50, 55) . HPV encoded E6 and E7 interacts with p53 and E2F, inducing the expression of DNMT1 resulting in aberrant methylation. In HPV mediated carcinogenesis, E6/E7 expression is also regulated by E2 protein and other cellular transcription factors (NF1, AP1, KRF1, Oct1, Sp1, and Figure 1 . The figure shows a common mechanism by which E6 and E7 might be working to induce hypermethylation of genes. The common target of both the oncoproteins is DNMT1 which gets activated by E6/E7 through different pathways. Unlike E6 which follows an indirect mechanism for DNMT1 activation through SP1, E7 follows both direct and indirect mechanism for DNMT1 activation. In both the indirect mechanisms by E6 and E7, there is a proteasomal degradation of two key tumour suppressor proteins i.e., p53 and pRb. The transcription factors associated with p53 and pRb; Sp1 and E2F respectively bind to the DNMT1 promoter to induce overexpression of DNMT1. HPV, human papillomavirus; Sp1, specificity protein 1; pRb, Rb protein; DNMT, DNA methyl transferase; microRNA. YY1). In HR-HPV E6 oncoproteins increase the expression and activity of DNMT1 by degrading p53 (54) . It has been reported that knockdown of E6 is associated with an increase in p53 and a decrease in DNMT1 expression in cervical cancer cell lines SiHa and CaSki (51, 54) . p53 binds to the Sp1 and chromatin-remodeling proteins, and this resulting complex further binds to the promoter region of DNMT1. This resulting complex prevents Sp1 from activating the transcription of DNMT1 (56) .
In addition DNMT1 expression is modulated by E7 in two distinct ways. In the indirect mechanism E7 binds to pRb and releases the transcription factor E2F. As E2F is present at the transcription start site of DNMT1 the release of E2F activates the promoter of DNMT1. In the direct mechanism E7 binds directly to DNMT1 (53) . This binding causes conformational changes in DNMT1 exposing the active site and binding of E7/DNMT1 to DNA. A stable DNMT1/DNA complex is formed after E7 dissociates from the complex (51) . This results to methylation of the genome due to silencing of the tumour suppressor gene and hence causes cervical cancer.
Modulation of gene expression
As stated earlier the oncoproteins of HPV E6 and E7 are responsible for the carcinogenicity of the virus. The promoter, enhancer and silencer sequences in the HPV LCR controls the expression of E6 and E7 (57) . Hypomethylation of the promoter region is considered to be an important part of activation of gene in the early stage of cancer which is also a very frequent affair. A study was conducted recently to compare normal samples with cervical cancer samples which reported that cervical cancer is related with progressive hypomethylation (48) . It has been established by various studies that in cervical cancer both host and HPV genome are hypomethylated. In cervical cancer not only the HPV genome undergoes hypomethylation but Rap guanine nucleotide exchange factor 1 (RAPGEF1), long interspersed elements (LINE1) and Cancer Antigen Gene (CAGE) promoter are also hypomethylated (58) (59) (60) .
Like hypomethylation, hypermethylation is also an early and frequent event in cervical cancer. It is mainly related with the CpG island and associated with promoter region which leads to gene silencing in cervical carcinogenesis (20) . Badal et al, 2003 illustrated that hypermethylation of HPV genome suppresses the abnormal growth of normal tissue to malignant tissue where as hypomethylation promotes carcinogenesis (61) . Research on epigenetic for the past few decades in cervical cancer has established the fact that methylation of DNA can be used for early recognition, analysis and maturity of unique curative approaches along with its pathogenic role (62) . Signalling pathways such as cell cycle, cell to cell adhesion, Apoptotic pathway and cell signalling pathways are effected by hypermethylation of HPV in cervical cancer (20) . Therefore, the epigenetic pathways that are active in the host cell also cause modification of the viral genome.
In both squamous cell carcinoma (SCC) and adenocarcinoma, the frequently methylated genes are cell adhesion molecule 1 (CADM1), cadherin 1 (CDH1), death-associated protein kinase 1 (DAPK1), EPB41L3, FAM19A4, myelin and lymphocyte (MAL), PAX1, PR domain containing 14 (PRDM14) and telomerase reverse transcriptase (TERT) (63) .
Recently a wide profiling of methylation in cervical intraepithelial neoplasia (CIN) lesions and cervical cancer has been conducted which requires proper justification and further studies. Tumour suppressive activities in cervical cancer has been observed in these subset of genes-CADM1, WNT signalling pathway inhibitor 3 (DKK3), MAL, secreted frizzled-related protein 2 (SFRP2) and C13ORF18 (also known as KIAA0226L). Other than these findings methylation events and their related biological relevance in cervical cancer remains indefinable (64) .
A combined mechanism involving both E6 and E7 acting together on DNMT1 has been shown in Fig. 1 . This mechanism is most likely to be occurring in vivo when both E6 and E7 are over expressed. Thus, a combined mechanistic action of both E6 and E7 results in hypermethylation of many tumour suppressor genes leading to unregulated cell proliferation. It might be possible that through indirect mechanisms of E6/E7, there is an over expression of DNMT1, which is bound directly by E7 to cause hypermethylation of the gene promoters. Therefore, the indirect mechanism is likely to precede the direct pathway.
Modulation of genes involved in cell cycle. For cell cycle functioning of cyclin dependent kinases (CDKs) its proper expression is essential (65) . In cervical carcinogenesis, CDK gene is not included in HPV induced cervical cancer but the expression of this gene is observed to be abnormal. P16INK4a is a tumour suppressor protein which acts as an inhibitor of CDK4 and CDK6, which initiate the phosphorylation of the Rb tumour suppressor protein, Rb. E7 oncoprotein plays an important role in disrupting the normal cell cycle when it binds to pRB and resulting in activation of p16INK4a which causes cell death by arresting cells in G1 phase. Thus, p16INK4a probable physiological role is in the implementation of irreversible growth arrest termed cellular senescence (66) . The normal cell cycle pathway is disrupted when the oncoprotein E7 of HPV binds to pRB and disrupts its function. Hypermethylation results in downregulation of E7 leading to activation of p16INK4A (1) . In the year 2011, Huang et al reported that hypermethylation was present in 17.6% of CIN I, 42.1% of CIN II, 55.0% of CIN III, and 65.0% of invasive cancers (67) . Additionally, this can be used as a biomarker to foresee the development of low grade dysplasia and reappearance of high grade intraepithelial neoplasias (68) . In HPV induced cervical cancer the downregulation of Cyclin A1 expression is observed due to its methylation. Other than these above mentioned proteins, fragile histidine triad (FHIT) is another protein related to cell cycle regulation and apoptosis. In HPV related cervical cancer this protein (FHIT) is inactivated. Promoter hypermethylation is the reason for silencing of the gene rather than genetic alterations (69) .
Modulation of genes involved in cell adhesion.
A transmembrane glycoprotein called E-cadherin acts as a mediator for calcium-dependent interactions between adjacent epithelial cells. In cervical cancer, previous data showed that the expression of E-cadherin is reduced at both the mRNA and protein levels. Loss of membranous E-cadherin expression was detected in in three HPV mediated cervical cancer cell lines (HeLa, SiHa, C33A) due to hypermethylation of CpG islands in its promoter region. These data suggested that E-cadherin might be an important factor in cervical cancer (70) . Later it was reported that 52.6% of gene expression of CDH1 gene is downregulated due to promoter methylation in HPV positive cervical cancer samples (71) . Another study conducted on a tumor suppressor gene TSLC1 gene and reported that it is silenced in cervical cancer due to methylation of the promoter region. Hypermethylation of TSLC1 results in downregulation of its expression which was reported in 82 and 91% of cervical cancer cell lines (11) . It was also stated that there was 89% epigenetic change in case of invasive cervical cancers whereas only 26% in case of CIN III and none in normal tissues (72) . Cancer invasion or metastasis could lead to loss of expression of CADM1 which is same as the TSLC1 gene which is associated with epithelial cell adhesion. A study reported that HR-HPV is associated with the frequency and density of methylation in cervical cancer. Expression of CADM1 is reduced in the methylated regions of high grade CIN and SCC (73) . In another study related to chemokine signalling axes stromal derived factor-1 (SDF-1)α/CXCR4, demonstrated its expression to be downregulated at both transcript and protein level in cervical cancer cell line (C33A a HPV positive cervical cancer cell line) and primary tumors due to promoter hypermethylation (74) .
Modulation of genes involved in apoptotic pathway. Apoptosis or programmed cell death occurs in multi-cellular organisms. It is a highly synchronized and controlled process which is essential in an organism's lifecycle. For cancer to develop in an organism the cells should be resistant to apoptosis, chemotherapy and radiotherapy. Recognising and identifying the genes which are related to apoptosis might help scientist in early development of new therapeutic approaches to cure cervical cancer.
Methylation of decoy receptor (DcR1 and DcR2) were found in HPV related cervical cancer patients which resulted in silencing and inhibition of apoptosis (75) . Recent study showed that PRDM14 is downregulated in cervical cancer HPV positive cell lines due to promoter hypermethylation and its abnormal levels resulted in apoptosis (76) . In many tumours it is observed that transcriptional silencing and inactivation of tumour suppressor genes is due to the hypermethylation of CpG islands. It was reported that p73 and p53 genes were hypermethylated among the 50 CpG islands of p21, p27, p57, p53, p73 and Rb1 genes in HPV positive cervical cancer samples as compared to control samples (17) . DAPK is a pro-apoptotic serine/threonine kinase which plays a major role in metastasis and tumour pathogenesis (77) . This gene is located in the chromosome number 9q34.1. In cervical cancer this gene was reported to be inactivated due to hypermethylation of the promoter region (78, 79) .
Modulation of genes involved in cell signalling.
The retinoic acid receptor β2 (RARβ2) belongs to the nuclear superfamily and is a type of retinoic acid which is regulated by tumour suppressor genes. Re-expression of this gene was observed due to methylation of the promoter region in the cervical cancer cell lines SiHa and HeLa when administered with natural compounds curcumin and genistein (80) . Thus, it can be stated that RARβ2 might be used as a biomarker for epigenetic therapy by targeting natural compounds and is related to HPV positive cervical cancer cell lines. The RAS association domain family 1 (RASSF1) is a tumour suppressor gene. When it is inactivated the gene could be correlated with the hypermethylation of its CpG-island promoter region. RASSF1 gene is mainly of two types-RASSF1A and RASSF1C, which are transcribed from separate promoters (81) . Cell death is activated during transient over-expression when human scaffold protein CNK1, a c-Raf1 binding protein necessary for Ras-induced Raf activation, binds the human tumor suppressor RASSF1A and is stably reintroduced into human tumor cell lines. RASSF1 gene is not only related to cervical cancer but is related to different other cancer like colon cancer. Adenomatous polyposis coli (APC) is a tumor suppressor protein complex; cell overgrowth is prevented by regulating the genes that encourage cell division by controlling beta-catenin which in turn is controlled by APC. Over-expression of β-catenin targets, including cyclin D, cMyc, ephrins, and caspases are caused due to inactivation or loss of APC expression. Certain proteins such as microtubules, the components for Wnt/Wg pathway-catenin and axin, EB1 and IQGAP1 which are cytoskeletal regulators and the Rac guanine-nucleotide-exchange factor (GEF) Asef1 have their binding site in APC which is a multi-domain protein. Mutation cluster region is the region where ~60% of cancer-linked APC mutations occur. For the tumour suppressor activity of APC interaction with β-catenin or microtubules is considered to be necessary (82) . An in vitro study documented that in HPV induced cervical carcinoma cell line HeLa 60% of APC was hypermethylated as compared to 13% in SCCs cell line SiHa (83) . When cervical carcinoma cell line HeLa was de-methylated with the drug hydralazine it resulted in re-expression of methylation (84) . Thus, methylation is a potential epigenetic marker for cervical adenocarcinoma. From the above mentioned studies it has been observed that epigenetic alterations such as hypermethylation or de-methylation of the promoter region of a gene can act as a marker to predict cervical cancer in the early stage of its onset and cure it accordingly. In 30% of the tumour in cervical cancer the genes have been silenced due to methylation (85, 86) .
Epigenetic biomarkers in clinical applications
A molecule which secreted by a tumour or a specific response of the body due to the presence of cancer or a process which indicates the presence of cancer clinically is known as a cancer biomarker. The types of biomarkers used to detect cancer aregenetic, epigenetic, proteomic glycomic or imaging biomarker. Recently to predict, evaluate and treat the outcomes of cancer, biomarkers have been identified to conduct this process. The biomarkers which show response to anticancer therapy in SCC are-checkpoint with forkhead and ring finger (CHFR); Werner DNA helicases (WRN); hypoxia inducible factor-1α subunit (HIF-1α), which is associated with hypoxic response; epidermal growth factor receptor (EGFR), which may be a molecular target; and cyclooxygenase-2 (COX-2), which predicts radiation sensitivity (87) .
However, it is thought that viral gene transcription is caused due to methylation of viral. The common methylating genes for samples with invasive SCC and adenocarcinoma have the following biomarkers-CADM1, CDH1, DAPK1, erythrocyte membrane protein band 4.1-like 3 (EPB41L3) family with sequence similarity 19, chemokine (CC motif)-like, member A4 (FAM19A4) myelin and lymphocyte protein (MAL), PAX1, PR domain-containing 14 (PRDM14), and TERT (63) . In case of cervical cancer frequently methylated genes can serve as molecular markers for the detection of neoplastic cells in body fluids such as urine and plasma. It can be served as non-invasive early diagnostic tool to detect cervical cancer. Different stages of cervical carcinogenesis can be represented by different methylation pattern of tumour suppressor genes in serum as well as in tissue samples (88, 89) . Single epigenetic biomarkers are not adequately sensitive to predict oncogenic progression, thus panels of candidate genes can improve sensitivity. The panel of gene mainly includes genes having high CpG methylation rate such as DAPK1, CDH1, IGSF4, CALCA, which were supplemented with genes of lower methylation rate such as RARβ2, or APC (10, 90, 91 ). The Table I shows different classes of genes along with their nature of DNA methylation and how the gene expression gets modulated giving rise to cervical cancer phenotype. A combination of some of these genes could be useful biomarkers for cervical cancer. Aberrant DNA methylation pattern in urine can be compared with exfoliated cervical cells but sensitivity is lower (92).
Role of histone modifications in HPV-induced cervical cancer
Recently there have been few studies in cervical cancer which are related to histone modification and alteration. Although analysis of this relation between cervical cancer and histone modification is at its beginning stage, some records regarding modification of the histones in cervical cancer samples may help in the identification of this cancer. The molecular level of diagnosis of chromatin modification has still not been fully established.
It was reported that in cervical cancer the expression levels of HDACs increases and due to continuous hypomethylation of DNA Sequence, tumor cells lose monoacethylated and trimethylated histone H4 form (93) . In the same year it was also published that silencing of a DNA protein O 6 -methylguanine DNA methyltransferase (MGMT) which is important for genome stability was caused due to histone modification in cervical cancer (94) . Furthermore it was reported that histone deacetylation caused repression of Wnt signalling pathway antagonist dickkopf-related protein 1 (DKK-1) in cervical cancer cell lines (95) by promoter CpG hypermethylation and histone deacetylation. It is generally observed that in HPV infected cervical cancer lesions and warts are formed. These deformities are mainly related to lack of oxygen present in tissues because of amplified expression of pro-angiogenic factors through the activity of oxygen sensitive HIF-1α. It was stated in another study that the transcriptional activity of HIF-1 is enhanced by the oncoprotein E7 of HPV while the suppressive action of p53 gene is neutralized by E6. Thus, they concluded that E7 oncoprotein in HPV mediated cervical cancer can activate the function of a key transcription factor mediating hypoxic response by displacing histone deacetylases HDAC1, HDAC4, and HDAC7 from HIF-1α (96) . Histone modification and DNA mehtylation caused silencing of proliferation repressor protein osteo-protegerin (OPG) and RARβ2 in another study (97, 98) .
The main reason reported for the cause of progression in cervical cancer from CIN I to CIN II and CIN III has been reported to be phosphorylated and acetylated forms of histone H3 (99) . For gene transcription, balance between HDACs and HATs plays a very important function which should be maintained in normal cells so that uncontrolled cell death and proliferation is under control (100) . But in case of HPV mediated cervical cancer the E6 and E7 oncoprotein disrupts this balance between HDACs and HATS and thus uncontrollable cell growth and cell proliferation of cancer cell occurs.
Clinical applications of epigenetics in cancer therapy
Epigenetic therapy is a new and fast growing area of medicines with the use of drugs to cure epigenetic defects. This kind of therapy is considered to be very potential as it can easily reverse the genetic defects and prevent diseases with the help of medical involvement (101) . Methylation of the gene promoter is targeted for cancer therapy by reactivation of tumour suppressor genes (102) . It has been established through in vitro and in vivo clinical models that inhibition of DNA methylation exerts anti-tumour effects; restore gene expression and inhibit hypermethylation. HDACs is a potential candidate for cancer treatment. Several experimental models demonstrated that HDAC inhibition leads to induced apoptosis, or growth arrest, tumour cell differentiation and to sensitize cells to chemotherapy or radiation therapy (103, 104) . The molecular interplay between DNA hypermethylation and histone deacetylation for modulation of gene expression and silencing of different cancer related gene predicts synergy of gene expression as well as for anti-tumour activity (105) . Therefore, a combination of DNA demethylating agent with HDAC inhibitor can be a potential target for cancer treatment.
Two main classes of epigenetic drugs, methylation inhibitors and HDACs inhibitors, are currently in clinical trials for cancer treatment. These drugs target the epigenome in a non-cell specific way. They act on most or all tumour types as deacetylation machinery or as deregulators of methylation. Hydralazine, a peripheral vasodilatator drug is a stable DNA methylation inhibitor having negligible toxicity. This drug has been widely used to treat hypertension. Hydralazine treatment can induce demethylation of promoter sequences, reactivation of mRNA transcription and protein synthesis of tumour suppressor genes in in vivo as well as in vitro clinical models (106) . A randomized phase III trial, conducted by Coronel et al, compared chemotherapy alone with epigenetic therapy with hydralazine and the deacylation agent valproate plus cisplatin and topotecan for treatment of advanced cervical cancer (107) . The outcome of the study suggested that patients treated with combination therapy had longer progression free survival than did patients treated with chemotherapy alone. Another widely used anti-epileptic drug, Valproic acid (VPA) is an effective inhibitor of HDACs. VPA has potent anti-tumour effects by modulating multiple cellular pathways including cell cycle arrest, apoptosis, angiogenesis, metastasis, differentiation and senescence in a variety of in vitro and in vivo systems (108) . It leads to growth inhibition in HeLa, SiHa and CaSki cells of cervical epithelial origin. This anti-tumour effect of VPA in cervical cancer is mediated by hyperacetylation of p53 protein which protects it from degradation by E6 (109) . In addition, Apicidin, a cyclic Table I . The table shows the different types of genes whose expression is controlled through epigenetic methylation of their promoter DNA. All the genes shown in the table are hypermethylated which leads to reduced gene expression. The genes belong to apoptosis, cell adhesion, cell growth, cell cycle pathways. The table also shows that hypermethylation of these genes is important for the development of cervical cancer and progression to the malignant, invasive cancer. Some of these genes could be used as a biomarker for cervical cancer prognosis. (81) signaling is hypermethylated and the activity of RASSF1A is silenced when it is attached with CNK1. peptide HDAC downregulate DNMT1 gene expression in HeLa cells (110) . In a recent study conducted by Chen et al, in the year 2015 observed there were methylation changes in cervical cancer cell line S3 compared to control cell line SiHa. When S3 cell line was treated with a demethylating agent it reversed the resistance and restored the sensitivity of the cell line to cisplatin, taxol and oxaliplatin drugs. Hence, it was concluded that methylation is caused due to resistance towards drug. This property of the cervical cancer cell line could act as a biomarker and also a therapeutic target to detect drug resistance in cervical cancer (111) . Epigenetic therapy has certain limitations due to the fact that both DNA methylation and HDAC inhibitors may activate oncogenes because of non specific targeting which can lead to tumour progression. Furthermore, once cured epigenetic states may revert back to its previous state due to the reversible nature of DNA (112) . More investigations are needed for specific targeting of the drugs as well as to maintain the cured epigenetic state and prevent reversal.
Future perspectives
The crucial role of epigenetics in development of cervical cancer is well established. Apart from the drugs that target epigenetic machinery (HDAC & DNMT1), new approaches need to be developed to target cancer cells specifically. Using anti-HDAC inhibitors can have a bystander effect on normal, healthy cells causing undue stress to them. Other than drugs, liposome-based cell permeable peptides targeting E6/E7 could be used. These peptides would bind to E6/E7 and prevent their interaction with other cellular components including the epigenetic machinery. Blocking E6/E7 would be the most effective approach as this will have a cascading effect on all the cellular pathways that are modulated by E6/E7. This approach requires more studies and testing to optimize the amount of peptide to be delivered inside the infected cell that would be sufficient to block E6/E7. These peptides can be periodically injected at the site of cancer and the patient can be monitored over time for cancer regression. This review primarily focuses on modulation of DNA methylation by HPV E6 and E7 oncoproteins in cervical cancer. There are several reviews on DNA methylation and cancers but this review focuses on the key mechanisms that are likely to operate during HPV E6 and E7 mediated modulation of gene expression. The review discusses a wide variety of genes involved in diverse cellular functions that are affected in cervical cancer. The review also discusses various implications in clinical applications of epigenetic based therapy and what classes of drugs would be suitable for epigenetic therapy. Cervical cancer remains one of the lethal cancers of woman worldwide and thus, there is a continuous need to identify non-invasive biomarkers for early detection, prognosis, selection of the treatment, prediction of treatment response, and development of novel therapeutic strategies. Epigenetic based therapy is a new approach toward early prognosis and hence treatment of this lethal cancer. Understanding the role of these epigenetic alterations in cervical carcinogenesis will contribute to developing effective strategies in detecting and treating this disease.
